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April 2006 ~ Present 
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FORMOSAT-5 
FORMOSAT-7/COSMIC-2 
Earth Observation 
GNSS Radio Occultation 
The FORMOSAT-3/COSMIC program is an international 
collaboration between Taiwan and the United States that will 
use a constellation of six remote sensing microsatellites to collect 
atmospheric data for weather prediction and for ionosphere, 
climate and gravity research. Data from the satellites will be made 
freely available to the international scientific community in near real-
time.  
FORMOSAT-3/COSMIC 
Global Real-time 
Weather (Meteorology) 
Space Weather (Ionosphere) 
Observation and Prediction 
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• FORMOSAT-3/COSMIC 
Constellation was launch at 01:40 
UTC, April 14, 2006 (Taiwan Time: 
April 15 2006) at Vandenberg Air 
Force Base, CA. Minotaur Launch 
 
• Maneuvered into six different 
orbital planes (inclination ~72̓) for 
optimal global coverage (at ~800 
km altitude). 
 
• Five out of Six satellites are in good 
health and providing science data. 
FORMOSAT-3/COSMIC 
GPS Radio Occultation 
α 
Wavelength and amplitude 
of in the vertical direction 
 
Global 3D structure 
 
Daily sounding:  
2500-1500 profiles 
Total  sounding: 4,000,000+ profiles 
TECRO 
Atmospheric and Ionospheric 
F3/C RO Sounding 
Atmospheric Sounding 
Ionospheric Sounding 
From August 6 to 10, 2009, extraordinary rainfall was brought over Taiwan by 
Typhoon Morakot, breaking 50 year’s precipitation record, causing a loss of 
more than 700 people and estimated property damage exceeding US$5.5 
billion 
 Observed Rainfall of Typhoon Morakot (2009) 
Typhoon Morakot (2009) 
Max. 24-h gauge 1504 mm 
Max. 96-h gauge 2874mm  
at Chiayi County 
 (windward slope of CMR) 
Accumulated rainfall: 
(a) 96-h on August 6-10 
(b) 24-h on August 8-9  
 * Objective analysis 
 ~450 automatic stations  
24-h rain world record 
1825 mm 
Main concern of typhoon prediction in Taiwan is flooding. 
Typhoon Morakot (2009) 
Typhoon Morakot (2009) 
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W/O F3/C GPSRO With F3/C GPS RO 
13 
• Typhoon Morakot pathage and rainfall  
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Typhoon pathage error and rainfall score  
• A statistical study on the forecast of 23 typhoons approaching Taiwan 
in 2012 shows that F3/C GPS RO data could reduce the pathage error 
in 24-hour about 10%. 
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Global Climate Change  
⌾㥜 
SST in November 
SST in December 
SST in March 
ENSO Warm 
Normal 
ENSO Cold 
ENSO Warm 
ENSO Warn/Cold vs Tropopause 
Height 
Arctic and Antarctic Winter Warming 
Sea Surface Temperature (SST) 
SST in April 
• It is essential to have F3/C RO atmospheric 
sounding data for global weather forecasts. 
• F3/C RO atmospheric sounding is a 
powerful tool for weather forecasts, 
especially sever one such as the typhoon 
pathage and rainfall. 
• F3/C RO atmospheric sounding has been 
applied to monitor climate change.  
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Ionospheric Weather 
Ionospheric 3D electron density monitoring 
Storm the ionosphere 
Earthquakes slam the ionosphere 
Moon’s shadow boat  
Space Weather: Solar Storm 
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3D Ionospheric plasma Structure!
Plasma cave 
Plasma Tunnel 
(a) 
(b) 
Liu et al. (JGR 2010)  
EIA in M-month 
21 
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Storm the Ionosphere 
Solar wind  
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Earthquakes slam the ionosphere 
The electron density profile observed 22 minutes after earthquake. 
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Electron Density (#/cm3) 
No. Location 
Arrival  
(UT) 
Travel 
(second) 
Distance 
(km) 
Speed 
(m/sec) 
38.32̓N, 142.37̓E 05:46  Epicenter 
1 53.28̓N, 137.36̓E 06:08  1320 1581 2196 
2 49.83̓N, 159.58̓E 08:31  9900 2072 223 
3 56.26̓N, 158.19̓E 08:33  10020 2394 239 
4 45.98̓N, 155.66̓E 10:13  16020 1535 100 
5 43.99̓N, 151.39̓E 10:23  16620 1067 67 
6 60.28̓N, 132.12̓E 13:41  27420 2425 87 
7 51.86̓N, 121.44̓E 13:49  28980 2494 88 
Disturbances in F3/C electron density profiles 
during the 11 March 2013 Tohoku earthquake 
Table 1: Observation Points Near the Epicenter  0-8 hr after the Tohoku Earthquake    
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Electron density profiles observed by F3/C RO within 3000 km from the epicenter. The 
black circle Indicates 3000km from the epicenter.  The star and triangle symbols denote 
locations of the epicenter and the profiles 1-8hours after the earthquake .  The open 
triangle symbols denote locations of the profiles 1-5 hours before the earthquake. 
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The electron density  profiles 1-5hours before the earthquake (top panels), and those 1-8 
hours after (bottom panels).  
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Spectra derived by using HHT.    
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Wave number (1/km) 
2010/01/15 Annual Solar Eclipse 
(Ring of Fire) 
Moon’s shadow boat 
35 
Moon’s 
shadow 
boat 
2010/01/15 Annual Solar Eclipse 
(Ring of Fire) 
Eclipse period 05:18-08:55 UT 
Observation zone: 5                 Reference data point in each zone: 7/11/8/12/23 
(http://eclipse.gsfc.nasa.gov/eclipse.html, NASA) 
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Power spectra on day 1 before, eclipse day 2010/01/15, 
and day 1 after.  
    Day 1 Before         Eclipse Day 2010/01/15        Day 1 After 
• F3/C RO sounding shall be a powerful tool 
observing disturbances from the solar wind, 
atmosphere, and lithosphere, triggered by 
earthquakes, tsumani, volcano eruptions, 
typhoons, magnetic storms, solar eclipses, 
etc. 
• The disturbances could significantly affect 
the satellite orbiting and in turn its 
positioning, navigation, communication, etc. 
 
Remark 
Ionospheric Scintillations 
Positioning 
Navigation 
Communication 
 
 
Ionospheric Scintillation 
Basu et al. [JASTP 2002] 
2400LT 
1800LT 
1200LT 
S4 Max altitude slice at various MLT in Solar min 2008-2009  
S4 Max altitude slice at various MLT in Solar Max 2012-2013  
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A Gnomonic projection of annual mean 
diurnal S4max variation Liu et al. [SGP 2015] 
The altitudinal integration of S4max geological distribution 
in various seasons during the solar minimum 
Liu et al. [SGP 2015] 
The altitudinal integration of S4max geological distribution 
in various seasons during the solar maximum 
Liu et al. [SGP 2015] 
FORMOSAT-7 Constellation 
72̓ (6) and 24̓ (6) 
 Mission Architecture 
Fiducial 
Network 
GPS 
GALILEO 
Data Processing Center 
 Remote TT&C stations  
(overseas) TT&C stations  
(Taiwan) 
Satellite Operations  
and Control Center Users Researchers 
GLONASS-CDMA 
FORMOSAT-7/ 
COSMIC-2 
High-Inc 
Low-Inc 
Improvement of the data coverage 
7/COSMIC2 
7 7/C2 
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FORMOSAT-7/COSMIC-2 
FORMOSAT-3/COSMIC FORMOSAT-7/COSMIC-2 
Exterior Design 
Sequence 1st Launch 2nd Launch 
Constellation 6 6 6 
Mission Orbit 
Altitude 800 km 520-550 km 720-750 km 
Inclination Angle 72± 24-28.5± 72± 
Mission Payload GOX TriG 
RO Signals GPS GPS, GLONASS, Galileo 
Launch Schedule Launched in 2006 2017 2019 
• Descriptions are provided by NSPO (http://www.nspo.org.tw).  
• F7/C2 is illustrated by Surrey Satellite Technology LTD.  
Ionospheric Weather Monitoring 
• Solar activity variations 
• Seasonal variations 
• Monthly variations 
• Tidal effects 
• Diurnal variations 
• Semi-diurnal variations 
• Disturbed period effects 
• Other temporal variations 
• Irregularities 
 
Could it be advanced by F7/C2 ? 
Latitudinal slices are at -120̓, -60̓, 0̓ 60̓ and 120̓ longitude with a interval of ̈́2.5̓. 
Simulated F7/C2 observations at 08:00 UT within 1 hour x 1 day accumulation period 
12 satellites, 
28 GPS and 
24 GLONAAA 
Lee et al. [2013]  
Remark  
• F7/C2 shall play an extremely essential 
role for the weather forecast.  
• F7/C2 will make that ionospheric 
monitoring and space weather forecast 
become reality, especially  positioning, 
navigation, and communication 
applications. 
Support to Worldwide Nature Disaster Relief 
Beichuan (2008.5.14) 
Beichuan (2006.5.14) 
)25026$7KDVVXSSRUWHGPRUHWKDQHYHQWVDFURVVFRXQWULHVVLQFHLWVODXQFK
2004  Southern Asia Tsunami 
2008  Wilkins Ice Shelf Corruption 
2008  Sichuan Earthquake 
2011  Eyjafjallajokull Volcano 
          Shinmoedake Volcano 
2011  Japan Earthquake 
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FORMOSAT-2 – Daily Revisit Capability 
Japan Earthquake and Tsunami (2011.3.11) 
Sandai 
Iwate 
Sandai 
Iwate 
Sandai 
Iwate 
Iwanuma, Miyagi  
⩬⚌䳡⭧㭺Ⳁ Before 
(2011/03/11) 
After 
(2011/03/12) 
Sandai Sandai 
FORMOSAT-5 
Mission: To build up Taiwan’s self-reliant space technology on the remote sensing satellite system  
                 and to continuously serve the global imagery users’ community of FORMOSAT-2. 
The Key System Specification 
Key Parameter Specification 
Orbit SSO @ 720km/98.28̓ 
Revisit Period 2 days 
Mission Life 5 years 
GSD PAN (2m) / MS (4m) 
Swath 24 km 
Spectral Bands PAN + 4MS 
RSI Image Sensor CMOS Image Sensor 
RSI duty Cycle 8% 
Satellite Weight 525 kg 
2016 
Mission Orbit (SSO@ 720km/98.28q) 
Two-day Revisit 
Day 1, 3, … Day 2, 4, … 
Swath=24km 
Global Coverage 
NSPO is planning to deploy a FORMOSAT-5 follow-on satellite in the adjacent 
ground track of FORMOSAT-5 to constitute the daily revisit and global 
coverage. 
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Smart Agility Capability 
Multi-Tasking 
Stereo Imaging 
Along Coast 
Along Longitude 
Nominal 
Enhanced 
CMOS Image Sensor 
• Largest CMOS Single Chip in the World 
– 12cm x 2.4 cm chip  
– PAN+4 MS bands 
– 12,000 10μm pixels (PAN); 6,000 20μm pixels (MS) 
FORMOSAT-2 (FORMOSAT-7) 
Global Watch 
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Tokyo,  Japan  
FORMOSAT-2 Imagery 2012.02.04 
Hokkaido Abashiri Drift Ice, Japan 
FORMOSAT-2 Imagery 2011.02.19 
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Conclusion 
• FORMOSAT satellites (especially remote 
sensing) provide not only helps on global 
weather forecast and space weather 
monitoring but also supports on 
worldwide nature disaster relief. 
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Thank you for Your Attention 
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